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Measurements  using a 137Cs internal conversion source demonstrate that lomzatlon electrons will drift at least 35 cm in 
liquid argon in electric fields of  a few kV/cm 

Liquid argon ionization detector technology is 
advancing at a rapid pace following the recent ef- 
lbrts of  Willis l) and others2,3). The initial design 
of such detectors made use of  inert inserts within 
the liquid argon, both as electrodes and as conver- 
ters for electromagnetic and /o r  hadronlc cascades. 
It was recognized early that these inserts degrade 
the energy resolution of  such calorimeters. The 
first liquid argon shower counters were made with 
many thin converter  sheets in order to minimize 
this effect. Eventually,  the suggestion was made 
that inert converters should not be used at low 
energies to achieve optimal energy resolution, and 
wire planes were Introduced as electrodes4). Such 
detectors have totally sensitive volumes and, d' 
sufficwnt spacial resolution could be achwved, these 
detectors would have unique capabthties and could be 
[dvorably compared with bubble chambers. 

This was recognized, and such a detector was 
proposed to Fermllab for a four fermion leptonic 
scattering experimentS). However,  it was clear that 
spacial resolution of  a few millimeters with closely 
spaced wire planes led to technical as well as fi- 
nancial difficulties. Thus,  the idea of  drifting ion- 
ization electrons over large distances in liquid ar- 
gon and collecting the induced charge as a func- 
tion of time 6) was introduced and actively dis- 
cussed 

The capablhty to drift electrons over large dis- 
tances in liquid argon is basic to the feasibility of 
this idea. Information from detectors which col- 
lected ionization electrons over distances of  a few 
millimeters, was encouraging7). It is well known 
that electronegative impurities, especially oxygen, 
must be at very low levels. Typically, oxygen lev- 
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els of a few parts per million in argon 8) can be 
tolerated in the shower counters. However ,  as yet 
undetermined impurities can seriously affect the 
performance of  such detectors9). Thus,  there is 
significant uncertainty as to whether  ionization 
electrons will drift over distances of tens of cen- 
timeters even if oxygen is reduced to the appro- 
priate levels, since such distances are at least an or- 
der of  magnitude greater than had been attempt- 
ed. 

A detector, schematically shown in fig. 1, was 
designed to focus on the question of  free ioniza- 
tion electron drift distance, 2j~ 8), in liquid argon. 
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Fig 1 Schematic of detector for measuring ionization electron 
drift distance in liquid argon 
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Fig 2 Schematic of argon gas punf icat lon/handhng and cryogemcs systems The hquld mlrogen bath is pressurized to 30-40 psl~ 
m order not to freeze argon 

The materials used in the construction of this de- 
tector were glass, ceramics and stainless steel to 
insure cleanliness. Bellows were used to allow for 
rapid adjustment of the drift distance which is 
constrained to be less than about 75 ram. This as 
approxamately an order of magnitude greater than 
had been attempted before. Argon gas punfica- 
taon/handling and cryogenic systems are shown m 
fig 2. Argon gas as purified by the sequence: (a) 
Hydrox purifie?°); (b) molecular sieve, 13X ~), at 
293 K; (c) molecular sieve, 4A l~), at 196 K Oxyg- 
en impurity is measured with a trace oxygen an- 
alyzer ~2) which has a rated sensitivity to 02 con- 
centrataon at the level of 0.1 ppm. The liquid ar- 
gon detector is kept cold by immersing at in a bath 
of hquld nitrogen. The nitrogen is pressurized to 
30-40 psag in order not to freeze argon, 

The sequence for purifying and liquifying argon 
is as follows. 

1) degas molecular sieves by baking m a 20/~m 
vacuum for several hours, also degas detec- 
tor simultaneously, 

2) flush out detector by a sequence of 
3-5 pump and fill cycles, 

3) condense purified argon gas inside detector 
by filling the liquid nitrogen bath. 

Oxygen concentration in the purified argon gas is 
typically below the 0.1 ppm rated sensltivaty of the 
oxygen monitor. However, an occasaonal gas leak 

within the system does degrade the purity of the 
argon, thereby giving a measurable oxygen con- 
centration 

An initial study without the grid was carried out 
with an alpha source in the liquid argon. This in- 
dicated that ionization electrons could drift over 
the 75 mm distance without significant attenua- 
tionS3). However, due to the relatively high ioni- 
zation density of alphas in the liquid argon and its 
concomitant recombination effects, these observa- 
tions provided encouragement rather than quanti- 
tative results 

The present study with the grid L4) is carried out 
using a 0 2uCl ~37Cs internal conversion source 
(624 keV monoenergetlc electrons). The number of 
ion pairs produced in liquid argon per unit energy 
loss has been measured to be around 25 eV per 
ion palr~5). Using this value for the 624 keV inter- 
nal conversion electron, we expect a charge of 
4.0 fC of each sign to be liberated within about 
2 mm (the range of the 624 keV electrons in liquid 
argon) of the cathode. The ionization electrons 
drift to the anode through the grid under the in- 
fluence of the applied electric field in the region 
between the cathode and the grid, Edr,l t. Between 
the grid and the anode, these electrons drift in a 
collecting field, Eco,ect. The total collected charge 
at the anode, therefore, depends upon' 

1) the total liberated charge, 
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2) recombination with Ar + ionst6), 
3) capture by residual electronegative impurities 

in drifting through liquid argon, 
4) transmission through the gridtT). 

The total liberated charge, item (1), is fixed by us- 
ing the 624 keV internal conversion source. Re- 
combination with Ar + ions, item (2), is a weak 
function of Ea.f~ 16). Transmission through the 
grid, item (4), depends on the ratio of Eco,~ct to 
Edr,ft 17). ifEdrm and Eco,,~c, are held constant, then 
items (2) and (4) do not affect the total collected 
charge. Therefore, only residual electronegative 
impurities, item (3), can affect the total collected 
charge as a function of drift distance. 

A typical pulse height spectrum observed at the 
anode of the liquid argon detector with the 1 3 7 C s  

source is shown in fig. 3. The 624 keV internal 
conversion peak stands out well above the lower 
energy beta and Compton electron continuum. In- 
cluding the uncertainties associated with the 
charge measurement, the total collected charge in 
the peak is about 3.6 fC, which is a little lower 
than the 4.0 fC liberated in the hquld argon. The 
collected charge increases with higher drift field, 
therefore, recombination is occurring. This can be 
separately studied, but the absolute position of 
this peak, as discussed above, is not important to 
the measurement of electron drift distance. 

Additional confirmation that this peak is due to 
internal conversion comes from a comparison of 
the absolute rate of events in the peak. This is 
possible since the source intensity is known, i e., 
,about 0.2~Ci, 93.5% beta branching ratio, and 
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137Cs source as 

K/7 ratio of 9.3%. A calibration pulser producing 
signals, 3 ms apart, at 5.0 fC gives a calibration 
peak with a similar rate and spectral width. The 
pulser peak is also shown in fig. 3. These obser- 
vations are independent of the drift distance. 
From the calibration peak, the noise level in the 
electronics 18) is estimated to be 0.4 fC (fwhm). 

The present data comes from a pure argon sam- 
ple with less than 0.1 ppm oxygen, the rated sen- 
SlttVlty of the trace oxygen analyzer, and consists 
of 137Cs spectra which were collected at six ca- 
thode/grid drift distances (0.78, 1.73, 3.00, 4.27, 
5.54 and 6.81 cm) wtth cathode voltages ranging to 

- 19 kV. 
Analysis of this data to extract 2D is complicat- 

ed by inhomogeneity of the dr2ft field which is 
caused by the finite cathode size. There are two 
effects. The first effect is a possible anode electron 
collection loss due to electric field lines terminat- 
ing outside the grid area. This effect arises due to 
the finite source size, and increases as the ca- 
thode/grid distance increases. Its overall conse- 
quence is expected to be small. By ignoring correc- 
tions for this effect, our analysis will be conserva- 
tive, and will provide a lower limt to 2D. The sec- 
ond effect arises from growth of the electric field 
near the source (cathode) above the average field 
as the cathode/grid distance increases. The higher 
local field decreases Ar + , e- recombination, there- 
by increasing the collected charge19). By using the 
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max Fig 4 The  137Cs internal convers ion peak posit ion vs Edrffi 
(See text for a d i s c u s s , o n )  The  collecting field used is 
10 6 k V / c m  Data from several drift d is tances  are shown  The  
decrease m the collected charge with dts tance at fixed Edrfftmax in- 
dicates that  2 D, the  electron drift d~stance, ~s at least 
35 (50)cm w,th E~ra~t at 2 (4) k V / c m  
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( h i g h e r )  local  f ie ld  as  t h e  d r i f t  f i e ld ,  Edm~, o u r  

a n a l y s i s  wdl  a g a i n  b e  c o n s e r v a t i v e 2 ° ) .  

F~g 4 s h o w s  t h e  i n t e r n a l  c o n v e r s i o n  p e a k  pos l -  
m a x  t l o n  as a f u n c t i o n  o f  Edr,f t . T h e r e  is a n o t i c e a b l e  

d e c r e a s e  o f  t h e  c o l l e c t e d  c h a r g e  w i t h  a n  i n c r e a s e  

m dr i f t  d i s t a n c e  at  f i xed  Eo~r,~ x T h i s  d a t a  i n d i c a t e s  

t h a t  ),t> is g r e a t e r  t h a n  35 ( 5 0 ) c m  w i t h  Ed~r~ at 

2 (4) k V / c m .  

I ' h e s e  m e a s u r e m e n t s  h a v e  d e m o n s t r a t e d  t h a t  

~ o m z a t l o n  e l e c t r o n s  wil l  d r i f t  o v e r  a d i s t a n c e  o f  at  

l e a s t  35 c m  in  l l q m d  a r g o n  m a n  e l ec t r i c  f ie ld  o f  

a few k V / c m .  M e a s u r e m e n t s  a re  c o n t i n u i n g  in  or -  

d e r  to  e x p a n d  t h e  p r e s e n t  r e s u l t s  N e v e r t h e l e s s ,  ~t 

~s n o w  c l ea r  t h a t ,  for  h i g h  spac i a l  r e s o l u t i o n  in  l iq-  

u i d  a r g o n ,  the multttudes o/closely spaced wtre planes 
can be replaced by a lew wire planes whtch read out 
charge as a fimctton ol'drt/'t ttme2~). 

W e  w i s h  to  a c k n o w l e d g e  u s e f u l  d l s c u s s t o n s  

a b o u t  t h e  p o s s i b i l i t i e s  o f  a d e t e c t o r  b a s e d  u p o n  

d r i f t i n g  e l e c t r o n s  l o n g  d i s t a n c e s  m l i q u i d  a r g o n  

w i t h  t h e  f o l l o w i n g '  R. R.  B u r n s ,  P E.  C o n d o n  

( U C I ) ;  B. C B a r i s h ,  F.  J. S c i u l h  ( C a l t e c h ) ;  D.  H t t -  

h n  ( S L A C ) ;  S. E.  D e r e n z o  ( L B L ) ;  a n d  W J. W i l l i s  

( C E R N ) .  W e  a l so  a c k n o w l e d g e  a s s i s t a n c e  w i t h  t h e  

e q u i p m e n t  f r o m  A A.  H r u s c h k a  a n d  J. L e a r n e d  
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